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INTRODUCTION
The use of fossil fuels for the energy production is being increasingly questioned by several sectors of society. For Borges et al. (2016) , the substitution of these fuels for renewable energy sources is the most appropriate option, since it has a lower environmental impact. According to Goldemberg and Villanueva (2003) , when the source of renewable energy is biomass, there is an increase in the generation of direct and indirect jobs, promoting an improvement in quality of life, social inclusion and regional development.
In Northern Brazil, the palm (Elaeis Guineans Jacq.), known as "dendê", is one of the species cultivated for the purpose of producing biomass (raw material) for energy production. In this sense, according to Lorenzi et al. (2004) , this palm tree has an average diameter of 35 centimeters and a height ranging from 15 to 20 meters, with large and numerous leaves of 3 to 4 meters in length. It is native from Africa and known for producing fruits with high oil content, presenting high productivity per unit area, up to 10 times more productive than soybean (OLIVEIRA et al., 2017) . Despite of its use in the production of biofuels, palm oil is destinated to the use in food, steel, pharmaceutical, cosmetic and paint industries (RIOS et al., 2012) . Thus, in addition to the environmental and social benefits provided by oil production, the palm produces a large amount of sprout biomass and foliage that can be used to generate energy.
In the case of a raw material of plant origin, carbon dioxide emissions from combustion contribute to the carbon cycle in nature, consisting of a source of renewable energy. According to Sanquetta et al. (2015) , palm crops, besides storing carbon in their biomass, also contribute to the mitigation of emissions related to land use. Therefore, it is important to know the biomass and carbon stocks in each component (sprout and foliage). The quantification of these variables is essential in order to plan the use of this biomass as an energy source, as well as to estimate the amount of carbon dioxide that will cease to be emitted from non-renewable sources, helping to mitigate the effects of global warming.
MATERIAL AND METHODS
The study was developed in commercial "dendê" plantations (Guinean Elaeis Jacq.), with central coordinates (13º33'40" South and 39º06'50" West and at an altitude of 40 m), located in the municipality of Taperoá, south state of Bahia, Brazil (IBGE, 2012) . The climate of the region, according to Köppen, is Af, Tropical, hot and humid, with rainfall regime balanced between the months of April and November, showing drought between December and March, with annual average precipitation between 1.600 and 1.900 mm and average temperature between 24 and 26°C (ALVARES et al., 2013) . The soils of the region are classified as dystrophic yellow latosol (SANTOS et al., 2013) .
It was selected 33 representative palm trees in three stands corresponding to different ages (10 -36 years old) with a spacing of 9 x 9 m, maintaining a distance of 100 m between the samples. Average trees were selected in each parcel of land. All the palms presented normal phenotype, without damage or other defects caused by physical or pathological agents. The palms were cut and separated into stipe (stem) and foliage. In addition to the biomass, the diameter at breast height (dbh), canopy diameter (cd), total height (th) and stipe height (sh) were measured with tape measure and tread, respectively.
In the laboratory, the green samples were weighed in a precision scale (0.001 g), and placed in an oven with circulation and air renewal at 70°C until reaching constant weight. The relationships between the dry and fresh biomass of the samples were then used to calculate the total dry biomass of each tree. Furthermore, the samples were ground in a Willey type mill and the carbon contents were determined in the LECO C-144 equipment.
The descriptive statistical analysis was performed together with the graphical analysis of the biomass and carbon ratios with the variables dbh, cd, th and sh. Subsequently, the Kolmogorov-Smirnov test (p-value ≤ 0.01) was calculated to verify the normality of the variables involved in the study.
In addition, Pearson's linear correlation (r) was used to verify the sense and the degree of association between the variables. Thereafter, the track analysis (path analysis) was calculated to verify the influence of direct FLORESTA, Curitiba, PR, v. 49, n. 3, jul The level of multicollinearity of the singular matrix X'X was established with the condition number (CN = ratio between the largest and the smallest autovalue) of these matrices. In order to mitigate the effect of very high variance, the system of normal equations was modified by adding a constant k to the values of the diagonal elements of the matrix.
The biomass and carbon of E. guineensis were estimated from the dependent variables ht, he and the combination ht.he . In total, five models were adjusted for each response variable, being three linear and two nonlinear.
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The simultaneous adjustment allows us to verify that the sum of the equations of each compartment is similar to that of the equation for total biomass above the ground, guaranteeing the additivity of the biomass components and improvement of the adjustment. The adjusted and precision statistics calculated to evaluate the performance of the models in the biomass and carbon estimates were the adjusted coefficient of determination (09), standard error of the estimate in percentage (10), Akaike's information criterion (11) and, for (12), to verify possible biases in the estimates and the homogeneity of the errors.
where: = observed variable; ̂ = estimated variable; ̅= average of observed variables; = number of observations; = number of model parameters; = natural logarithm; σ 2 = maximum likelihood estimator of the error variance.
RESULTS
The age of E. guinensis presented great amplitude ( Table 1 ). The canopy diameter (cd) and the diameter (dbh) had the lowest values for coefficient of variation (CV), followed by total height (ht), age and height of scion (and) . The biomass and carbon presented coefficient of variation with values between 24 and 31.52%. All variables were normal by the Kolmogorov-Smirnov test for p-value ≤ 0.01. Pearson's analysis of linear correlation indicated that the biomass and carbon of the above ground soil showed a positive and statistically significant relationship (p-value ≤ 0.01) for the variables measured, except for cd, but for these components the stipe height had the greatest direct effect (Table 2) . For biomass and canopy carbon, only cd showed significant and positive correlations, but the greatest direct effect on biomass (0.695) and carbon (0.992) was the height of the stipe. Table 2 . Path analysis for direct and indirect effects of the age (years), diameter at the breast height (dbh), crown diameter (cd), total height (th) and stipe height (sh) on the canopy biomass components (CBC), stipe biomass components (SBC), above-ground biomass components (AGBC), in kg, and on the crown carbon component (CCC), stipe carbon component (SCC), above-ground carbon component (AGCC) in Elaeis guineensis. Tabela 2. Análise de trilha para efeitos diretos e indiretos da idade (anos), diâmetro à 1,3 m do solo (dap), diâmetro de copa (dc), altura total (ht) e altura do estipe (he) sobre a os componentes de biomassa copa (BCOP), estipe (BEST) e acima do solo (BTOT) e sobre os componentes de carbono copa (CCOP), estipe (CEST) e acima do solo (CTOT) em Elaeis guineensis. The direct effect of the variable stem height (sh) was positive and high for total biomass and total carbon with a value close to 0.773 and 0.776 and a direct effect superior to the residual effect, reason for it to be used in modeling. On the other hand, for the variable total height (th), its direct effect was negative, although weak for both basic variables, with a value of -0.007 and 0.011 (Table 2) , with its use in modeling being not recommended. It can be seen that the significance and great magnitude of the correlation of th on biomass and carbon of the stipe components and above the soil was due to its relation with the height of the stipe (Table 2 ). Table 2 also shows the statistics adjustment of the track analysis for each biomass and carbon component.
Moreover, the estimated coefficients of the models tested for biomass and total carbon of E. guineensis presented statistical significance (p-value ≤ 0.01), except for the intercept of model (01), which was not significant for both dependent variables (Table 3) . The adjusted equations in the present study presented adjustment and precision statistics with small variation among the models tested. When the estimates of biomass and carbon from the same model are compared, it is noted that there are slightly better results for the biomass equations. Table 3 shows that, for biomass and carbon of the stipe, the best model was (02), with the explanatory variable being the height of the stipe. In the model (01) All models, except for (02), tend to make similar estimates; thus, models (01), (03), (04) and (05) can be considered suitable for estimating biomass and above-ground carbon, according to the residue chart analysis (Figure 1) . However, the equation (05) presented a more satisfactory fit and precision statistics. The best performance of this equation is directly related to the higher correlation between the dependent variables with sh. The equations (01), (03), (04) and (05), adjusted for biomass and total carbon above the soil, presented residues distributed between ± 50%. Biased estimates were obtained in equation (02), mainly to overestimate the individuals biomass and carbon. The same tendencies can be evidenced for the stipe, but with residues between ± 60% ( Figure  2) . Similar results were found for biomass and crown carbon estimates, with residues between ± 60% (Figure 3) . Figure 1 . Residual dispersion of the tested models to estimate the biomass and above-ground total carbon of the Elaeis guineensis species as a function of the height of the stipe (sh). Figura 1. Dispersão de resíduos dos modelos testados para estimar a biomassa e carbono total acima do solo da espécie Elaeis guineenses em função da altura do estipe (he).
For the estimation of biomass and carbon, the best model in relation to R²aj was for the compartment stipe. The lowest Syx% was also obtained for the estimates in biomass and carbon (Table 03 ). With these statistics and considering the graphical analysis of the residues, the model (02) was selected as the best for the biomass and carbon components of the stipe and crown components. Additionally, this choice is also related to the ease of adjustment, since it is a linear model as well as because in the simultaneous adjustment the nature of the component, models must be the same.
Furthermore, simultaneous estimates for biomass and carbon presented satisfactory and similar results (Table 4 and Figure 4 ) when evaluated and compared with the independent adjustment statistics; it must be considered that only the simultaneous adjustment guarantees the additivity of the component estimates. In this way, it is possible to guarantee the quality of the total estimate (additivity principle) of biomass and carbon for each individual, the result of the sum of the equations of each compartment is the same as that of the equation applied for the total. Figure 2 . Residual dispersion of the tested models to estimate the stipe biomass and stipe carbon of Elaeis guineensis species in function of the stipe height (sh). Figura 2. Dispersão de resíduos dos modelos testados para estimar a biomassa e carbono do estipe da espécie Elaeis guineensis em função da altura do estipe (he). 
DISCUSSION
In the track analysis, the variables presented weak multicollinearity (CN between 31.6 and 54.8), since Montgomery et al. (2012) state that if the CN is less than 100, multicollinearity does not become a problem (weak multicollinearity), CN ranging from 100 to 1000 multicollinearity is known as moderate to strong and if CN is greater than 1000, there are indications of severe multicollinearity (MOREIRA et al., 2013) . As evidenced by track analysis, only equations with the variable sh used as independent variable were selected, model (02), for crown and stipe. In the use of track analysis, great care must be taken with multicollinearity, when possible the variables that cause them must be eliminated, but when it is not possible, the lowest possible value of k must be used, since high values of k can bring into perspective the estimates of direct and indirect effects (OLIVOTO et al., 2017) . Mognon et al. (2015) , in studies with total biomass modeling with Dendrocalamus asper, obtained less robust results in the precision statistics, in which the best equation presented R²aj of 0.59 and Syx (%) of 17.12. In turn, Cassol et al. (2016) , with studies for the production of biofuels with palm oil, obtained for biomass similar standard error of estimation and higher adjusted coefficient of determination due to the use of the Neperian logarithmic and the variable age. For the present study, no transformations of the original data were performed, since they were normal and, yet, when using this technique, there were problems with the estimates being systematically biased.
By comparing the two ways of adjusting the equations, independent and simultaneous, it can be seen that the simultaneously adjusted equations presented similar precision statistics with those of the independent fit. Nonetheless, biological consistency should be considered in adjustments that consider the biomass components together with the total biomass. Thus, only the fitted models should be used to predict the total biomass and its components of E. guineensis. However, the independent adjustment was necessary to make the choice of the best model for each component, only after this step the simultaneous adjustment was made.
By means of graphical analysis of the residues, a trend in the biomass and carbon estimates of the crown of E. guineensisis was evidenced, these tendentious estimates may be associated with the morphological characteristics of the palm. This species presents a secondary growth in lower intensity when compared with primary or apical growth. With a more in-depth analysis of the original data it can be verified that canopy biomass presents a more stable trend in all the years of evaluation, i.e., the biomass and carbon variation of the canopy presents a small variation between the ages evaluated, while the height of the sprout shows positive linear growth, that is, the biomass increases with increasing age and with the height of the stipe.
The species shows a decrease in the average diameter of the stipe and a small growth in the last 10 years of study in relation to the average diameter. Regarding the crown of E. guineenses, there is no significant difference in relation to growth over the 26 years (Table 01 ). The expressive response is observed in the stipe, with increased growth and better adjustments, being related to the morphological characteristics of the species.
CONCLUSION
• Simultaneous adjustment presented more satisfactory results in modeling to estimate biomass and carbon components and total biomass in relation to the independent estimate. • Only the heights showed significant correlations and the track analysis revealed that only the height of the stipe has a significant direct effect.
• The dependent variable height of stipe obtained the best fit for biomass and total carbon estimates.
• For the stipe components, the best estimate of biomass and carbon was for the linear model as a function of the height of the stipe, and for the crown, the most appropriate was also for the height of the stipe with the nonlinear model.
